The effects of different concentrations of nickel (2.1, 4.2, 5.04 ,uM) and silver (0.013, 0.026, 0.052 µM) on survival, growth, carbon fixation and acetylene reduction of Nostoc muscorum has been studied. All concentrations of the heavy metals except 2.1 µM Ni were inhibitory. At 2.1 µM, nickel chloride stimulated carbon fixation and nitrogenase activity. Silver seems to be much more toxic than nickel because concentrations as low as 0.026 ~cM silver chloride inhibited approximately 900 of the carbon fixation. EDTA protected carbon fixation and calcium ameliorated the nitrogenase activity in the test alga. However, none of these ameliorative agents were so effective against silver toxicity. This study suggests that (i) calcium plays an imporatnt role in nitrogen fixation, (ii) like hydrogen production and uptake hydrogenase, nickel seems to have some role in regulating nitrogenase activity, and (iii) carbon fixation is a more sensitive parameter than growth and nitrogensase in evaluating metal toxicity.
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A large number of aquatic habitats are becoming progressively more contaminated by the indiscriminate discharge of heavy metals generated from various industrial processes, modern agricultural practices, acid mine drainage and human wastes. heavy metals on taxonomic diversity and production of algae (1) (2) (3) (4) . However, these studies are concerned mainly with eucaryotic algae; information regarding cyanobacteria is lagging far behind. Cyanobacteria are most important in the aquatic system as half of the nitrogen fixed in this system comes from them. Some work has been done on the toxicity of heavy metals in a few species of cyanobacteria; these are mostly confined to such parameters as growth, pigment synthesis, nutrient uptake, etc. (5, 6). Other important processes such as carbon fixation, and nitrogenase activity have been completely neglected. HENRICKSON and DASII VA (7) studied the effect of Zn, Cd, Ni, Pb, As and Pd on nitrogen fixation in Nostoc (a phycobiont), Chlorogloea fritschi and Nostoc muscorum. STRATTON and CORKS (8-10) studied the interactive effect of Hg2~, Cd2+ and Ni2+ on nitrogen and carbon fixation of Anabaena inaequalis. Apparently no other work has been done to date on the effect of heavy metals on carbon and nitrogen fixation by cyanobacteria.
RA! et al. (1) gave a critical account of the effect of environmental factors on the toxicity of heavy metals in algae. Similar studies of cyanobacteria have also been done (11) (12) (13) . These studies and others (14) (15) (16) have suggested that the toxicity of heavy metals can be ameliorated by EDTA and calcium. In a recent study, SCHECHER and DRIscoLL (13) reported that the uptake of Cu and Pb by Nostoc muscorum can be reduced by 10_3 M calcium. They suggested that this may be due to competition between calcium and metals for active surface sites. The present study is of particular interest because nothing is known about (i) the effect of silver on cyanobacterium, (ii) the effect of silver and nickel on carbon and nitrogen fixation by Nostoc muscorum and (iii) the effect of EDTA and calcium in regulating the toxicity of silver and nickel in Nostoc.
Inspired by these considerations and also following the isolation of a nickeldependent Oscillatoria 3NT and the indication of the possible role of nickel in hydrogen production and uptake hydrogenase (17) (18) (19) , we undertook the present study.
MATERIALS AND METHODS
Organism and growth conditions. The test alga N. muscorum ISU (Anabaena ATCC 27893) was raised in modified CHU10 medium (20) . Cultures received 2500 lux light intensity in a 14 hr light and 10 hr dark cycle at 25+1 °C. These incubation conditions were standard for all growth, photosynthesis and acetylene reduction experiments.
Measurement of survival and growth. Stock solutions of NiC12.6H2O and AgCI were filter-sterilized by passage through millipore membrane filters (0.45 gym) before diluting and adding them to the algal cultures. The survival percentage of N. muscorum in culture media containing different concentrations of nickel chloride (2.1, 4.2 and 5.04 µM) and silver chloride (0.013, 0.026 and 0.052 /LM) was studied Fifty milliliters of culture medium in 150 ml Erlenmeyer flasks was used for growth studies. On every third day, a culture suspension was aseptically withdrawn and the optical density of the suspension was recorded at 663 nm in a Bausch and Lomb spectronic-20 spectrophotometer.
The effect of heavy metals on growth was studied by supplementing the culture flasks with known concentrations of the test metals. Growth was measured in terms of final yield (expressed as optical density) attained on the 15th day and converted to percentage of the control for comparison. In order to avoid any change in pH, the culture medium was buffered with Tris (Sigma grade) buffer (pH 7.5). Concentrations of CaC12 and EDTA (ethylenediaminetetraacetic acid) used for different experiments were 181.0 and 34.0 , IM respectively. Acetylene reduction. Nitrogenase activity was measured by the acetylene reduction technique (21) . The assay was performed in triplicate in serum bottles of about 7.5 ml capacity. The acetylene concentration was kept at 10% and a 2 ml cell suspension was routinely injected in each bottles. Reactions were terminated by injecting 0.8 ml of 15 ;~ (w/v) trichloroacetic acid. Ethylene produced in the reaction vessel was analysed in a CIC gas chromatograph fitted with a porapak R column and a hydrogen flame ionization detector.
Carbon fixation. This was assayed following the uptake of 14CO2 from NaH 14C03 . Algal suspensions treated with sublethal concentrations of nickel and silver were supplemented with 50 µl of radioisotope to give a final activity of 0.026 p Ci/ ml. The activity was assayed every 30 min for 2 hr with the help of a Beckman model-LS 7000 scintillation counter.
RESULTS AND
DISCUSSIONS
Effect of nickel and silver on growth: interaction with EDTA and calcium Table 1 summarises the effect of three different concentrations of nickel and silver on the growth of N, muscorum. A gradual reduction in growth in terms of final yield attained on the 15th day has been noticed at the concentrations of the test metals used. Nickel at a concentration of 4.2 ~tM reduced the final yield by 53 %. However, the concentration of silver required to reduce the final yield by 5500 was only 0.026 µM. This suggests a greater toxic potential of Ag compared to Ni.
The protective effects of EDTA and calcium found here is in agreement with earlier findings (1, 11 ) . Calcium and EDTA are widely known to form complexes with metals and decrease their availability and hence reduce the toxicity. The better growth restoration by EDTA and calcium observed with Ni than with Ag may be due to the differential binding capacity of the metals. Chelators are also known to alter the transport system (22) and reduce toxicity. Another probable reason for growth restoration by Ni could be its requirement in trace quantities as already reported for Oscillatoria 3NT (17) . Since the concentration of Ni in the culture medium is much higher than Ag, it is likely that some Ni may be left over after the complex formation with EDTA. This left-over Ni may serve the Ni requirement of Nostoc. Notwithstanding this, several of the cyanobacteria tested are known to be tolerant to nickel (23) . Thus the better growth observed in our experiments may be due also to the tolerance of the test alga.
Growth restoration by calcium follows almost the same pattern observed for EDTA. Adding of calcium stimulated growth in the control (lacking Ni). Comparatively better growth was found in culture flasks containing Ni+Ca than those containing Ni+ EDTA. This confirms the growth stimulatory role of calcium in Nostoc. In addition to this, calcium is also known to protect algae, fungi and other microbes against the toxicity of Cd, Hg, Cu, Zn, etc., by precipitation, coprecipitation and complex formation (1, 24) .
Effect of Ni and Ag on carbon fixation: Interaction with EDTA and calcium
The effect of Ni and Ag on carbon fixation in N. muscorum as influenced by calcium and EDTA is summarized in Table 2 . DE FILIPPIs and PALLAGHY (25) critically demonstrated inhibition of photosynthesis by mercury and zinc in Chlorella. That photosynthesis is the most sensitive parameter in Chlorella and other algae is well authenticated (1, 16, 25) . Our studies on Nostoc fully supports the findings of STRATTON and CoRKE (8) (9) (10) in Anabaena inaequalis. Approximately 9000 inhibition of 14C uptake occurred at the sublethal concentration of silver; the inhibition was very prominent in the first 30 min of the experiment. In contrast to this, nickel only mildly (only 39 %) inhibits '4C uptake. This mild toxicity of Ni may be due to slow uptake by Nostoc. Since the 14C uptake experiments were conducted for only 2 hr, the alga may not have had enough time to take up the nickel.
Interaction studies with calcium and EDTA on '4C uptake as influenced by N i and Ag indicated that culture media supplemented separately with calcium and EDTA inhibited growth about 3400 and 19 % respectively in the first 30 min of the experiment. Ca and EDTA supplementation in the medium containing Ni and Ag produced different results. The flasks containing Ni+Ca showed only 23 % inhibition compared to the control (340 inhibition). In contrast to this the medium containing Ni and EDTA showed almost the same amount of 14C uptake as the control. Thus a 39 reduction of 14C uptake by 4.2 , tM nickel was almost completely counteracted by the EDTA supplementation (Table 2) . Another possibility may be that EDTA facilitates low level uptake of nickel. The higher '4C uptake by the Nostoc treated with Ni in the presence of calcium may be simply due to calcium protection against nickel toxicity.
However, the toxic effect of silver on 14C uptake does not seem to be controlled either by calcium or EDTA.
The silver-induced inhibition (880) never recovered even after addition of Ca or EDTA.
Thus silver seems to have a highly toxic effect on carbon fixation in N. muscorum.
Effect of Ni and Ag on acetylene reduction: Interaction with calcium and EDTA
The effect of different concentrations of nickel and silver on acetylene reduction by N. muscorum is summarized in Table 3 . Maximum inhibition of nitrogenase by Ni and Ag occurred after 48 hr of treatment followed by a gradual recovery at 72 hr in the case of Ni. But with silver nitrogenase activity does not recover. At 2.1 ,uM of Ni there was 8 stimulation of nitrogenase activity after 24 hr of incubation, followed by 11 0 after 48 hr and only 3 after 72 hr. Like silver, higher concentrations (4.2 µM, 5.04 µM) of nickel inhibited enzyme activity. Stimulation of nitrogenase by low levels of nickel may be due either to direct induction or altered nutrient flow. As in Chlorella (27) the test alga may counteract the toxicity by binding ions to metabolically maintained "indifferent sites." Such sites are likely to be created at a faster rate under nickel stress.
Calcium supplementation stimulates nitrogenase activity (Table 4 ), but EDTA (28) who found that calcium stimulates nitrogenase activity in Gloeocapsa. In the present study, calcium was found to ameliorate silver toxicity to nitrogenase, though the leval of protection was much less than with nickel. Stimulation of N ease activity by nickel can also be explained in the light of recent findings (18, 19) suggesting the existence of nickel-dependent hydrogen production and uptake hydrogenase activity in the two cyanobacteria Anabaena CA and Anabaena variabilis. Further the hydrogen dependent nitrogenase activity (acetylene reduction) has already been reported in several cyanobacteria, especially under reluctant limiting conditions (29) . Since nickel is now known to stimulate hydrogen uptake, it is likely that excess hydrogen taken up by the test alga may offer reducing power to nitrogenase thereby stimulating the activity of the enzyme. GALLON (28) reported that nitrogen fixation by heterocystous blue-green algae is insensitive to EDTA. Our findings, however, do not agree with that. We observed significant inhibition of nitrogenase activity by EDTA in N. muscorum.
Metals may be toxic to nitrogenase in many different ways: (i) there can be direct action on enzyme complex, or (ii) there may be an effect on the supply of ATP or reductant pool which are prerequisites for enzyme activity. Since photosynthesis is the main source of ATP and reductant in cyanobacteria, inhibition of this process can bring about reduction in ATP and reductant. Tremendous ininhibition (88 %, Table 2 ) of carbon fixation by silver seems to a have direct bearing on nitrogenase activity. Our observations suggest that carbon fixation is the most sensitive parameter in N. muscorum as compared to growth and nitrogen fixation. Looking at the stimulatory effect of Ni (at low concentrations only) on carbon fixation and nitrogenase activities and also keeping in view the pioneer findings of VAN BAALI,N and O'DONELL (17) and others (18, 19) it seems plausible to include nickel in the category of essential elements. However, this warrants further research. 
